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I have attempted by t h i s work to determine the l i m i t a -
t i o n s of, and to extend the a p p l i c a b i l i t y of siloxene as a 
chemiluminescent i n d i c a t o r i n redox t i t r a t i o n s . I t i s c h i e f l y 
concei'ned with the s t a b i l i t y of s i l o x e n e ; i t s c o r r e c t i o n f a c -
t o r s and i t s use where i n t e r f e r i n g ions are involved. I have, 
hov/ever, b r i e f l y sm-veyod other p h y s i c a l and chemical pro-
p e r t i e s i n a d d i t i o n . I o f f e r t h i s paper as an extension of 
the work done by Kenny and Kurtz ( l 5 ) , who have used siloxene 
as an I n d i c a t o r i n s i m i l a r t i t r a t i o n s . 
I n appearance, siloxene i s a yellow powder which Mendele-
j e f f c a l l e d Chryseone ( X^i/creor) or "golden" ( 9 ) . On exposure 
to l i g h t , i t decolorizes to a l i g h t gray. I t I s i n s o l u b l e i n 
water and most other common solvents (9)« Siloxene i s pre-
pared by r e a c t i n g calcium s i l i c i d e ( G a S i 2 ) w'ith hydrochloric 
a c i d ( H C I ) . The formula i s 31511303. 
Siloxene may be added at the beginning of the t i t r a t i o n 
or near the end point, but d i f f e r s from other i n d i c a t o r s since 
i t must be used i n complete darkness. As each drop of oxidant 
s t r i k e s the surface of the s o l u t i o n , ohe l o c a l excess of the 
oxidant causes a momentary glo?;, vdiich i s d i s p e l l e d by a g i t a -
t i o n . A s i m i l a r e f f e c t can be seen i n t i t r a t i o n s with Kl,m0[|_. 
The end point i s taken when the o u t l i n e of the e n t i r e l i q u i d 
i s v i s i b l e , and the glow, vdilch i s y e l l o w i s h , should p e r s i s t 
f o r one minute or longer. The luminescence i s of such i n t e n -
s i t y that a xnclst watch may be read by i t s l i g h t . 
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GENERAL HISTORY AND BACKGROUND 
Siloxene was o r i g i n a l l y prepared by D'Bhler i n 1853 by 
t r e a t i n g Galciim: S i l i c i d e (CaSi2) v/ith concentrated HGl ( 1 0 ) . 
WBhler's product was not pure s i l o x e n e , but consisted of a 
hydroxide, (3i20H)0H. wBhler s a i d that when heated i n a tube 
to 100° C. i t evolves H2 and leaves a mixture of s i l i c o n and 
s i l i c a ( 9 ) . 
Many other men have worked with siloxene since i t was 
f i r s t prepared: D, I . Mendelejeff ( r e f e r r e d to above); 0. 
Boudouard, who obtained a s i m i l a r product by the r e a c t i o n of 
hot HGl on s i l i c o n s t e e l ; Dovath and L i s s n o r ( 9 ) ; and Kautsky, 
who seems to have done the most extensive ?;ork i n the i n v e s t i -
gation of i t s p h y s i c a l and chemical p r o p e r t i e s (see b i b l i o -
graphy). Host of our s t r u c t u r a l knov/ledge of siloxene i s due 
to h i s work. More r e c e n t l y , Kenny and Kurtz of Hunter College 
have used i t as an i n d i c a t o r i n redox t i t r a t i o n s ( I p ) . 
(A) GHEMILUMINESCENGS:-
Ghemilnmlnescence i s , i n e f f e c t , cold l i g h t . I t i s the 
emmission of l i g h t as a r e s u l t of a chemical r e a c t i o n . The • 
l i g h t emitted i s independent of a.nj heat involved, e i t h e r i n -
t e r n a l l y or e x t e r n a l l y . Gfiemiluminescence may be regarded as 
the reverse of a photochemical r e a c t i o n , i . e . 
PROPERTIES AND REACTIONS 
A + B -̂ l i g h t AB (pho t o ciiemi c a l ) 
AB A + B -»- l i g h t ( c l i c r i i 1 amine s c enc e) 
Chemiluminescence d i f f e r s from fluorescence i n that the 
l a t t e r r e q u i r e s the u t i l i s a t i o n of e x t e r n a l soxirces of energy 
such as l i g h t or heat, ..hereas chomiluminescence i n v o l v e s only 
the energy coming from the r e a c t i n g sixbstances themselves ( 1 1 L ) . 
Chemi luminescence may be c l a s s i f i e d i n the follov;ing 
1. Combination of Atoms: 
(a) Emission of l i g h t takes place as the 
el e c t r o n s r e t u r n to ground s t a t e a f t e r 
being promoted to a higher energy l e v e l 
, when a stream of atomic hydrogen f a l l s 
on l i q u i d mercury. 
(b) Luminescences, c o n s i s t i n g of a spectruni 
of the metal, are produced by a l k a l i 
vapors and halogens r e a c t i n g at lov; 
pressures. 
2. T r a n s f e r of Energy by Oxidation: 
(a) Oxidation bp a i r or oxygen of Grignard 
reagents, i n the s o l i d s t a t e or e t h e r a l 
s o l u t i o n (onlpr those Grignards i n which 
, the Mg atom i s attached to an unsatur-
, ated carbon atom (e.g., i n benzene) are 
chemiluminescent i n s o l u t i o n ) . 
(b) Oxidation i n a l k a l i n e aqueous s o l u t i o n s 
of 3'-a2iino p h t h a l i ^ y d r a z i d e . 
( c ) Oxidation of I x i c i f e r i n i n the presence 
of the enzpme l u c i f e r a s e by atmospheric 
, oxygen. 
(d) Oxidation of siloxene I n a c i d i c s o l u t i o n 
hj- strong o x i d i z i n g agents such as chromic 
a c i d , potassium permanganate, n i t r i c a c i d 
and c e r i c s o l u t i o n s . 
Energy i s t r a n s f e r r e d and r a i s e s an e l e c t r o n to an e x c i -
ted s t a t e . This e x c i t e d e l e c t r o n loses the energy as l i g h t as 
i t r e t u r n s to i t s p:round s t a t e . 
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(B) PREPARATION OP SILOXEITS:-
I n the r e a c t i o n by v/hich siloxene i s prepared, the func-
t i o n of the hpulrochlorlc a c i d seens to be that of d i s s o l v i n g 
out the Ca ion, since siloxene i s pseudomorphic v/ith calcium 
s i l i c i d e . 
Calcium s i l i c i d e (E & A, tech. grade) was w e l l pov/dered 
with a mortar and p e s t l e . 3 g. of t h i s powder was placed i n 
an 8 0 0 ml. beaker i n a hood. The room was not darkened. 
Cone. ji C l (50 ml.) was added and the mixture a g i t a t e d and 
s t i r r e d f o r s e v e r a l minutes w i t h a long s t i r r i n g rod. 
A vigorous r e a c t i o n g r a d u a l l y develops, with spontaneous 
heating, foaming and evolution of HCl vapor. A f t e r i t sub-
. sided, 25 ml. more of cone. HCl v/ere added, the mixture was 
b o i l e d gently and s t i r r e d 5 minutes. Then l50 ml. H2O v/ere 
added, and i t was b o i l e d f o r 5 more minutes. The suspension 
of yellov; s i l i c o n e was decanted from any graq/, unreacted 
CaSip onto a Bilcimer f i l t e r f u n n e l . I t was washed on the 
f i l t e r v / l t l i water, then 95h E t . Alcohol, and f i n a l l y with 
ether. The yellow proeuot was spread out to dry on a porous 
p l a t e and stored i n a brov/n b o t t l e . 
I t i s stable f o r only a few days vAien dry, but f o r a 
longer time wiien kept under d i l . HCl. I f prepared by t h i s 
method, the m a t e r i a l i s n e i t h e r spontaneously flammable nor 
e x p l o s i v e . Time required f o r preparation of 5 g. i n d i c a t o r 
was 5 minutes ( l 5 ) . 
(G) REACTIONS OP SILOXENE:-
Pure siloxene i s obtained when d i l u t e KGl i s used; con-
centrated HCl forms a mixture of s i l o x e n e , chlorosiloxene and 
other s i l i c o n coinpoimds ( 1 1 ) . 
Siloxene i s i n s o l u b l e i n water, a l c o h o l , s i l i c o n t e t r a -
c h l o r i d e , phosphorous t e t r a c h l o r i d e and carbon disulphide. 
When heated to b r i g h t redness i n a stroam of dry c h l o r i n e or 
hydrogen c h l o r i d e , i t i s e x p l o s i v e l y decomposed. VAiile hydro-
c h l o r i c a c i d decorpjoses i t slowly, fuming n i t r i c a c i d (HNO^) 
ox i d i s e s i t v;ith incandescence. I f siloxene i s suspended i n 
water and t r e a t e d w i t h HNO-̂ , i t decorp.oses with tlie evolu-
t i o n of n i t r i c oxides. The f i n a l stage i n the o x i d a t i o n of 
si lo xene i s s i l i c i c a c i d ( 9 ) ' 
Siloxene i s a strong reducing agent as shoY-n. by the 
f o l l o w i n g : 
(a) N i t r i c a c i d and hydrogen peroxido r e a c t 
e x T ) l o E i v G l y ; 
(b) Ii2S0[^_ i s reduced to HpS; 
( c ) PpO^ i s reduced to PI-I3 i n the presence of 
a l c o h o l . 
. Siloxene can be converted i n t o s i l i c a l d e r i v a t i v e s by 
a c t i o n of C I ? , GHCI3, GCl[j_, GpH^I, aq. HCl, 112803 ( I x ) . 
3151-1503 + 3 C I 2 > 3(Si20H)Cl A- 3 H C 1 ( L L ) 
The smoomt of s u b s t i t i i t i o n depends on the reagents used 
and the e x t e r n a l f a c t o r s of heat, l i g h t and solvent. Siloxene 
can r e a c t step-wise ( r e p l a c i n g hydrogen), as I l l u s t r a t e d by 
the f o l l o w i n g r e a c t i o n s : 
'̂fc«fcC(3 ^ CS"'-^ ^3.,Hs-0^1 + H I (12) 
5»tH,03 ^ ~7t;7:r^^'L^30^^^ ^ 3 ' ^ ^ (6) 
S.<,t+t^3^- ^x, ^FVoqr«s,ue Sob.-^S.^CI^Oj (6) 
S . ^ C I t O3 + a^j^ — > lGl3S .V ' ^ - (S .C l3^ (6) 
Siloxene i s s t a b l e to 1 / l O ° G . At higher temperatixres i t 
decomposes i n t o gaseous products r e a d i l y inflamnable i n a i r (ij.) 
Siloxene i s decomposed sloxoly by water, but more r a p i d l y 
by heat or l i g h t , y i e l d i n g a self-inflaiiimable gas and hyorogen. 
A l k a l i and aqueous ammonia, however, cause the above r e a c t i o n s 
to become v i o l e n t ( k ) . 
I n the presence of water or, amines, hydroxy and/or amino 
compounds are formed ( 1 2 , l 3 ) , e.g. 
^•(.H303bY3 + 3A/H3 >^n^30i(NH^)^ + 3 H 6 v (6,12) 
S . ^ H ^ - O j I i- H^O ^S.tHj-OjCoH) i- H I (6) 
5>bH303l3 t3H_2̂ 0 >S.t^303C6H)3 t B H I (6) 
S.,^e>rt03 t t H ^ O > S,^O^Coh\ (6) 
These compounds are u s u a l l y s t r o n g l y colored. 
I n the presence of l i g h t , h a l o - s i l o x e n e s and a l i p h a t i c 
hydrocarbons are foriiied when siloxene i s reacted v/ith a l k y l 
- 6 - • ' 
h a l l d e s ( e s p e c i a l l y CHql and C-Hcjl) i n non-acpaeous s o l u t i o n 
(9, 1 1) . 
si6H603 + CH3I si6H503i -t-gh[L ( l | . , 9 , i i ) 
The s a l t s of siloxene 3.re a l l yellow to red i n color and 
ax'e also strony redxiciny agents. These s a l t s , as w e l l as 
siloxene arc decomposed ley a l k a l i s with the e v o l u t i o n of hy-
drogen and the formation of s i l i c a ( 9 ) • 
^.^H^O^CoH)^ t 3HCI ^3(5(^0H)Cl + 3 H^O (i^^g) 
S i ^ , H3 OjCdH)^ + IxkOH f 3 H ^ 0 ~ ^ (.K^S/O3 h /2, {k) 
5,^H3(0H)3 h RCOOH R C 0 O C S . ; ^ 0 H ) + 3 H ^ O (9) 
(D)' PITYSICAL PROPERTIES AND STRUCTURE:-
According to Kautsky ( 2 , 3 ) a s o l i d , yellow s i l i c o n e con-
s i s t s of t h i n sheets, one molecule t h i c k . These sheets are 
stacked on one another to form a s o l i d c r y s t a l , pseudomorphic 
wit h the o r i g i n a l GaSig c r y s t a l . A c t u a l l y there i s s u f f i c i e n t 
space between the sheets to allow the reagent to penetrate 
toward the centers. The s i l i c o n atoms are arranged i n hexagons, 
T/hich are a l l connected to one network plane, forming s i n g l e 
lamellae. Each hexagon i s bridged to adjacent ones by an oxygen 
atom ( 3 , 5 ) . The r e a c t i v e groups (Oil, G l , H) are on both sides 
of t h i s plane ( 1 , 3 ) . (See t h i s paper. Figure 1 , page 1 1 ) , 
A s l i d e containing f r e s h l y prepared, siloxene appea.rs 
(under 97X) to c o n s i s t of a large number of s t r a t i f i e d l a y e r s 
of f i n e m e t a l l i c c r y s t a l s . By way of i l l u s t r a t i o n , siloxene 
can be l i k e n e d to a p i l e of irreg-alar sheets of paper. The 
color of siloxene c r y s t a l s range from a dark grayish-bro'm 
to yellow. The res.son f o r t h i s color va:uation i s hard to 
evaluate, but I presume that i t ma;/ be caused by the amount 
of by-products, xmreacted CaSig prosent, or the depth of the 
i n d i v i d u a l c r y s t a l . 
Such compounds as siloxene are c a l l e d iDermutoids since 
they behave as i f the molecular s t r u c t u r e were very loose ( 13) . 
I n siloxene the H atoms can be e a s i l y replaced by halogens, 
OH, liH2. Photomicrographic study shows the s t r u c t u r e to con-
s i s t of extremely t h i n larainations which are packed c l o s e l y 
together. These packs are grouped i n l a y e r s , the i n d i v i d u a l 
packs being only one micron {JX) t h i c k ( 13) . 
I n the case of s i l o x e n e t h i s s t r u c t u r e must have been pro-
duced by the act i o n of the a c i d on the Calcium S i l i c i d e c r y s -
t a l s i n only one d i r e c t i o n . Tlie great r e a c t i v i t y of the s i l o x -
ene i s probably dixe to the large surface area presented to the 
reagents. I n the prodxiction of t h i s pemr.utoid s t r i x c t u r e , i f 
t '-B chemical a c t i o n of tlie rea.gents continxxes f o r a s u f f i c i -
e n t l y long time, the .lacninations become f i n e r and f i n e r , u n t i l 
f i n a l l y a c o l l o i d a l solxxtion i s obtained ( 13) . Both siloxene 
and i t s d e r i v a t i v e s are n o n - v o l a t i l e , i n s o l u b l e s o l i d s ; pseudo-
morphic with GaSip. Under a microscope i t cai.n be seen that 
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c h e n i c a l a c t i o n taices place only at the periphery of the 
l a m e l l a ( 1 2 ) . 
The molar area of siloxene i s 9 3 0 , 0 0 0 square moters. 
The s p e c i f i c area i s 5502 square meters. These v/ere calcxi-
lateci from X-ray data on CaSig ( 5 ) . 
The s p e c i f i c gra.vity increases regularly/ as each hydrogen 
atom i s replaced by a Br. atom, i n d i c a t i n g that each hydrogen 
atom i s equally boxmd ( 5 ) , e.g. 
1 . 58 
1 .35 
2. 12 
Sl^H^Br^O^ 2 . 3 9 * 
S i5n2Br ! | O3 2.65-;:-
2 . 9 2 
Si^jBr^O^ 3 . 19 
(Notice the very r e g u l a r increase i n the s p e c i f i c g r a v i t y . 
I n each case, with one exception, the increment between succes-
s i v e readings i s . 2 7 . I n t h i s Instance (-;:-), the increment i s 
. 2 6 , a d i f f e r e n c e of 0 . 0 1 s p e c i f i c g r a v i t y u n i t s . ) 
Kautsky and h i s co-workers p r e f e r to c a l l siloxene "hexa-
s i l t r i o x e n e " because the 11 atoms can be replaced stepv/ise by 
halogens, forming a s c r i e s of halogen siloxenes ( 9 ) . 
That siloxene Ivas a very open s t r u c t u r e i s shov.u by the 
r a p i d i t y v/ith wiiich the r e a c t i o n s proceed i n the s o l i d s t a t e ( 9 ) 
Kautsky s t a t e s that s i l i c o n e s p o s s i b l y contain small areas of 
hydroxysiloxene, vrhich f u n c t i o n as chemiluiiiinescent centers 
as energy reaches them. Th i s energy ceai be supplied by t r e a t -
ing a d i l u t e a c i d i c suspension of siloxene v/ith strong o x i -
d i z i n g agents such as: Chromic a c i d , KKnO,[L, ENO3 and c e r i c 
s u l f a t e . T h i s o x i d a t i o n appears to be non-reversible ( 3 , 7 , 3 ) . 
The s i l i c o n siac-ring i s a chromophore and Iwalnophore ( 1 2 ) . 
The luminescence and fluorescence depends on the presence of 
t h i s r i n g . Halogens act as weak, while hydroxy, aiaino, and 
alkyl-amino groups act as stong auxochromes or auxofluors. A 
darkening of color and displacement of the emission band to-
ward the red i s caused by i n c r e a s i n g the number of s u b s t i t u -
ent groups, as i n d i c a t e d below ( 1 2 ) : 
316^603 ( 1 5 ) 
ST5H^03(OH).. ( 6 , 1 5 ) 
S 1 5H[L 0 3(0E ) 2 . ( 1 5 ) 
315^303(011)3 . B r i c k - r e d ik) 
S i 5 E 2 0 3 ( 0 H)ij_. ( 1 5 ) 
31503(01-1)5... Black 
(Bleached to 
( 6 , 1 5 ) 
red-broY/n) 
As shov/n above, pure siloxene i s c o l o r l e s s . I n ordinary 
preparation, however, i t i s colored 2̂ ellov»' Uy the admixture of 
i m p u r i t i e s . 
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STRUCTURE 0? SILOXENE AND SOME COMPOUNDS: 
« k * ^ 
H \ 
o 
F i g . 1 : Siloxene c o l o r l e s s , 
weakly f l u o r e s c e n t . 
I n r i n g I , tiiree K 
atoms are above and 
three below the 
, s i l i c o n atoms ( l 5 ) . 
0 = Oxygen 
® S i Atoms 1A° 
above others 
• S i Atoms 
(H atoms omitted 
i n #11) 
Si H ^ I^CJ 
P i g . 2 : Chlorosiloxene, 
colored, f l x i o r e s -
cent, luminescent 
( I S ) . 
S i H >5 (6H) 
P i g . 3.' Hydroxysiloxene, 
a d d i t i o n a l hydroxy 
groups increase i t s 
color and f l u o r e s -





s i l o x e n e , c o l o r l e s s , 
non-fluoresc ent. 
A f t e r complete oxida-
t i o n tiiere are no 
S i - S i bonds. S i l i c i c 
a c i d i s the f i n a l 
product ( l 5 ) . 
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EXFSRIMINTAL 
(A) I n order to check the accuracy and p r e c i s i o n of 
siloxen e against a knoim r e a c t i o n , pO ml. of Fe (NH[j_S0[j_)2 v/as 
t i t r a t e d with . 1016 KhnOjij_. The Pe(NH[j_S0|^)2 v/as foxmd to be 
.02662N. 
Determination of N. of Pe(NH[|_SO|̂  )2 








13.11 . 0 1 
13.10 .00 
13.11 . 0 1 • 
13.06 .oil- -
13.13 .03 











Average d e v i a t i o n .02 ml. 
Probable e r r o r o f: 
S e r i e s 015 ml. 
Mean 005 ml. 
P r e c i s i o n 1.3 p a r t s per 1000 
(B) The normality of the s o l u t i o n of ?e(NH[j_SO[^)2 was 
then determined by the c e r i c s u l f a t e - s i l o x e n e method, malcing 
pos s i b l e a comparison against a standard (KMnO[^) already knovai 
and accepted. Ten mg. of siloxene v.-ero added i n a l i g h t e d 
room about two ml. before the end point was a t t a i n e d . As pre-
v i o u s l y , 50 ml. Pe(NH|jS0|^)2 were xised i n determining the nor-
m a l i t y of the solxi t i o n . The t l t r a n t was .03'688iT c e r i c b i -
s u l f a t e . 
Determination of N. of Fe (NH[j_SO[^) 2 
w i t h .OpbSSlJ c e r i c b i s x i l f a t e s o l . 
Vol. c e r i c 
S o l . Added 
Dev. from 
Mean 
1 2 3 . 6 0 .Ok 
2 2 3 . 6 0 .Oil. 
3 2 3 . 5 3 . 0 2 
2 3 . 52 .Olj. 
2 3 . 5 5 . 0 1 
6 23 .57 . 0 1 
7 2 3 . 5 It . 0 2 
8 2 3 . 5 8 . 0 2 
9 2 3 . 5 5 . 0 1 
10 2 3 . 5 5 . 0 1 
Mean 2 3 . 5 6 . 0 2 
Average d e v i a t i o n . . . . . . 
Probable e r r o r of: 
S e r i e s 
Mean 
P r e c i s i o n . 
. 0 2 ml. 
. 02 ml. 
. 0 0 6 ml. 
0 . 9 3 p a r t s per 1000 
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Normality determined by HHnO[j Method, .02662 
Normality determined by c e r i c b i s u l f a t e -
siloxene Method O268O 
The d i f f e r e n c e i n n o r m a l i t i e s found by comparing the two 
methods i s .OOOI8. However,, the use of siloxene an. e x p e r i -
enced a n a l y s t i s capable of much greater accuracy than the 
above comparison would i n d i c a t e . 
(C) STABILITY:-
The i n d i c a t o r siloxene was prepared January 25, 1951. 
A 50 ml. sample of O.O2662 N Pe(NH5S0i^)2 was t i t r a t e d with 
0.05688 N c e r i c b i s u l f a t e . 0 . 0 1 gm. siloxene was added a t 
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The t i t r a t i o n s were repeated on successive days using 
the seme i n d i c a t o r . 
A new sample of siloxene v/as prepcred January 30, 1951. 
A blank s o l u t i o n v/as prepared to give the approximate end 
point pll of a t i t r a t e d s o l u t i o n . To prepare t h i s s o l u t i o n . 
22.7 ml. of cone. H2S0[| was d i l u t e d to one l i t e r . F i f t y ml. 
of t h i s s o l u t i o n was t i t r a t e d with 0.05)688 N c e r i c b i s u l f a t e . 
0 . 0 1 gm. of siloxene was added at the beginning of the t i t r a -
t i o n . 
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/ 0 . 0 2 ' 
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The above data demonstrates that the i n d i c a t o r , s i l o x e n e , 
i s s t a b l e f o r a period of at l e a s t three weeks (21 days), i f 
i t i s kept i n a brown gla s s b o t t l e . 
J I t i s thought that occluded II C l renders the siloxene more 
st a b l e , or at l e a s t i f present, i t i s an i n d i c a t i o n that the 
i n d i c a t o r i s usable. One po s s i b l e method to deteimiine the 
s t a b i l i t y of siloxene i s to check the r e l a t i v e lowering of pH 
i n a water s o l u t i o n . T h i s determination of pH lowering of 
a water s o l u t i o n should i n d i c a t e whether the siloxene has 
been decoicposed or not. The i^ e l a t i v e lowering of pH was 
determined i n the follov/ing manner: The pH of d i s t i l l e d 
water v/as taken, 0 .025 gm. of siloxene was added to 100 ml. 
water and the pH determined. An L u N pH meter was used. 
-15-




No t d rV 
1-9 - 7.7 
Dried 2 
h r s . 1-9 2 h r s . 8.0 
1-10 1 da. 8.3 
1-11 2 t i 6.2 
1-12 3 St . 0 .0 
1-15 6 8 . 1 
1-25 l 6 I I 5 4 
Bleached 













0 . 5 
0 . 6 
0 .5 
0 . 6 
0 . 6 
0 . 6 
0 . 0 
Table H I i n d i c a t e s that as long as the i n d i c a t o r i s kept 
stoppered, the value, pHj^ - pHp, does not change appreciable". 
The f i r s t drop occxxrs a f t e r the i n d i c a t o r lias been a i r drie d 
i n the dark f o r a period of two hours at room temperature. 
The d i f f e r e n c e i s then constant f o r a periocl of two weeus. 
When the i n d i c a t o r has been bleached i n su n l i g h t i t s appar-
ent a c i d i t y vanishes, and there i s no depression i n pK. The 
s t a b l l i t ; / of siloxene seeus to depend on i t s r e l a t i v e c.cldlt:/. 
I f the siloxene i s bleached, no cheirdluminescent r e a c t i o n 
occurs with excess o x i d i s i n g agent. The value, pHp - pHg, 
decl i n e s from 0 . 6 f o r the unbleached siloxene to 0 .0 v/hen i t 
has been bleached. I t i s thought that the occluded HCl i s 
l o s t . 
(D) INDICATOR CORRECTION FACTORS :-
A c o r r e c t i o n f a c t o r was determined f o r various strengths 
of i n d i c a t o r i n blank solxitlon. The comwosition of the blank 
s o l u t i o n 1,.s shov/n i n Table C - I I (Page l 5 ) 
TABLE I 
ml. of 0.05688 R Gerio B i s u l f . added to .50 ml. 
of Blank S o l u t i o n 
0.10 grn.. ind. 0.05 i n d . 0.01 gm. ind. 
1 • 0 . 0 2 a ml. O.O3O ml. 0.020 ml. 
2 0.028 " 0 . 0 2 / " 0.023 " 
0.028 " Q.O25 " 0.022 " 
0.030 " 0.025 " 0 .022 " 
5 0.020 " 0.025 " 0 .022 " 
i 
5 
Mean 0 .026 " 0.026 " 0.022 " 
Correction f a c t o r of 0.05688 N c e r i c b i s u l f a t e f o r 
C.Ol gm. siloxene i n 50 ml. blank s o l u t i o n , containing 
0.025 pqn. 00(1103)3 per ml. s o l u t i o n , 0.050 gm./ml. , 0 . 0 7 5 
gm./ml. (Table I I ) ; 
TABLE I I 
00(1703)2 Concentration/ml. S o l u t i o n 
0.025 pm./ml. 0.050 gm./ml. 0.075 gm./ml. 
1 0.055 r a l . 0.050 ml. 0.070 ml. 
2 0.053 I I 0.050 I t 0.065 I I 
3 0.058 I I 0.050 I I 0.070 I I 
k- 0.050 I I 0.060 I t 0.070 I I 
5 0.053 11 0.055 I I 0.072 I I 
Mean 0.056 I I 0.053 I I 0.069 I I 
The araount of i n d i c a t o r to be used may very between 
0 . 0 1 and 0.10 gm. per 50 ml. of s o l u t i o n to be t i t r a t e d v/ith 
very l i t t l e v a r i a t i o n i n the c o r r e c t i o n f a c t o r . I f 00(1103)2 
i s added i n varying concentrations there i s a sharp r i s e i n 
!l 
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the c o r r e c t i o n f a c t o r . The r i s e i s not large enough to 
make the use of the siloxene p r o h i o l t i v e . Many other 
redox i n d i c a t o r s could not be used i n the case of colored 
s o l u t i o n s (KEnO|| f o r example). I n t h i s instance siloxene 
has a d i s t i n c t advantage over KlinO^. 
(E) CONCENTRATION EFFECTS OP IITDIGATOR:- \ ' 
• . TABLE I 
gms. siloxene per T i t r a t i o n s 
5Q ml. s o l u t i o n #1 #2 Mean 
1 0.10 gm. 0.02k ml. 0.028 ml. 0.026 ml. 
2 0 . 0 1 I I 0.022 11 0.022 " 0.022 It 
3 0.005 t i 0.030 I I 0.030 " 0.030 It 
0.0025 11 0.055 
0.060 
I I 0.0k2 " 
0.060 " 
0. Oka M 
0.0013 11 I I 0.060 It 
6 0 .0005 I I 0.06k It 0.070 " 0.067 I I 
There i s a sharp r i s e i n the i n d i c a t o r c o r r e c t i o n f a c t o r 
i f the Y/eight of siloxene per 50 ml. of s o l u t i o n i s l e s s than 
0.003 gms. This i s probably due to the decrease i n the i n -
t e n s i t y of color r e s u l t i n g from the greatl'y reduced amount of 
i n d i c a t o r i n the s o l u t i o n . At concentrations of 0 .002? gm./50 
ml. or l e s s the chemiluminescence fades cpaickly unless the 
so l u t i o n i s a g i t a t e d . • . 
Small v a r i a t i o n s i n the -amoxint of silo/cene, according to 
Table E - I , have l i t t l e e f f e c t on the c o r r e c t i o n f a c t o r and 
therefore an exact amount of I n d i c a t o r need not be used. 
-18-
(P) CONCEIH'RATION EFFECTS OP 00(1703)2 Oil 
SILOXENE END POINT :-
gms. of Co(N03)2A'il. of s o l u t i o n 
No. 1 



































































. 0 1 
.03 
. Oil 
Column No. 1 : 
Probable e r r o r of: 
S e r i e s 023 ml, 
Mean 007 ral, 
Dev. from no Cobalt..../ O.Ok ml, 
Column No. 2 : 
Probable e r r o r o f: 
S e r i e s 035 ^'2* 
Mean 010 ml. 
Dev. f r o n no Cobalt..../ 0.07 B i l . 
Column No. 3 : • " 
Probable e r r o r of: 
S c r i e s 025 ml. 
Mean 008 ml. 
Dev. from no Cobalt.... -O.03 ml. 
dev. 
23.36 ml. .03 
23.56 " .03 
23.55 " . 0 1 
23.53 " .05 
23.51 " .02 
23.50 " .03 
23.52 " . 0 1 
23.50 " .03 
23.50 " .03 
23.50 " .03 
23.53 " .03 
Mean p r e c i s i o n : ( a l l ) l . l 5 p a r t s per thousand. 
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I n concentrations ranging up to 0.075 gm. Co(N0-q)2/ml. 
s o l u t i o n there i s seen to be no appreciable e f f e c t on the 
intensity/ or d e v i a t i o n of the siloxene end point. 
SUMMARY 
I n using siloxene as an i n d i c a t o r i n redox t i t r a t i o n s , 
I found that i t could s a f e l y be used f o r a period of about 
three weeks, although i t i s knovm th a t siloxene e x l i i b i t s 
chemiluminescent p r o p e r t i e s a f t e r s i x weeks. I have not, 
however, determined whether or not the c o r r e c t i o n f a c t o r 
r i s e s appreciably i n t h i s extended period of time. I t should 
be noted that care must be taken to store s i l o x e n e i n a 
brown b o t t l e i n order to maintain i t s e f f e c t i v e n e s s . 
.4-. A c o r r e c t i o n f a c t o r ranging from .022 to .026 ral. was 
determined f o r the i n d i c a t o r i n i t s normal strength, i . e. 
approximately 10 rag. of siloxene i n 50-75 ml. of s o l u t i o n . 
The c o r r e c t i o n f a c t o r f o r colored solu t i o n s l i e s between 
.056-.069 ml. i n 5d ml. of s o l u t i o n , containing varying 
concentrations of cobaltous ion (25, 50, and 75 mg./ral. of 
sol u t i o n ) to which 10 mg. of siloxene was added. The amount 
of siloxene needed as an i n d i c a t o r need not be s p e c i f i c a l l y 
measured, but should f a l l between 10-100 mg. of slloxene / 5 0 
ml. of s o l u t i o n . Below 10 mg. the i n t e n s i t y tends to f a l l 
o f f due to the lowered i n d i c a t o r concentration. The optimum 
amount to use i s 10 mg./pO ml. of s o l u t i o n . 
Varying the concentrations of cobaltous n i t r a t e between 
25 mg. and 75 mg./ml. of s o l u t i o n has l i t t l e e f f e c t on the 
end point i n an a c t u a l t i t r a t i o n . The above i n d i c a t o r con-
cen t r a t i o n s were t i t r a t e d i n Pe(KH|,S0|^)2 s o l u t i o n s and the 
gr e a t e s t d e v i a t i o n was found to be .07 ml. 
We may use siloxene as an i n d i c a t o r i n redox t i t r a t i o n s 
f o r the f o l l o w i n g reasons:-
1. Preparation i s simple. 
2. S t a b i l i t y i s good (t-xree weeks or l o n g e r ) . 
3 . Correction f a c t o r i s low. 
I I . Varying amounts of siloxene may be used. 
5. Cost i s nominal. 
6. End point i s sharp and d i s t i n c t . 
7. I n d i c a t o r c a t a l y s t not needed. Reacts 
to small excess over s t o i c l i i o m e t r i c end 
point. 
8 . S a t i s f a c t o r y end point obtained i n 
colored s o l u t i o n s (which would render 
Kl/InO!, u s e l e s s ) . 
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